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This yention relates fo .improvements .in he 
poduction of novel polygalacuronic acid methyl- 
g!ycoside sulf.uric acid esters. The products bave 
useful properties. For example, they exhibit 
anticoagulant :properties, and are paticularly 
suitable for therapeutic purposes, as well as for 
laboratory-testing uses where b!ood coagulation 
'must be inhibited. 
We bave round that po!ygalacturonic acid 
methylglycoside methylester, upon treatment 
with chlorosulfonic acid, produces derivative 
polysulfuric acid esters having a high degree of 
heparin-like activity and practca!ly no toxicity. 
The sulfated products, in the form of the sodium 
salt, are particularly Useful fQr intramuscular, 
subcutaneous, or. intravenous injection. Poly- 
.galacturonic acid methylglycoside methylester, 
more simply identifled in the art ,s M. P. M. E., 
is a material whose preparation from pectin bas 
been disclosed in the literature. Jansen et al., 
Arch. Biochem. 21 (1949) pages 149-157; Morrell 
.et.al., J. Biol. Chem., 105 (1934) pages 1-13. It 
is preïerred fo purify the polygalacturonic acid 
methylglycoside methylester, as, for example, by 
dialyzing if against water according fo the pro- 
cedure shown in the Jansen et al. article, supra. 
By treatment of a purified material .polysulfuric 
acid esters may be obtained, with, e. g., 15.6 per 
cent sulfur, which are fully as active in vivo as 
heparin, and whose activity is of longer duration 
than that of heparin. Furthermore, the material 
is characterized by being practically atoxic and 
free from local irritation on injection. We bave 
also-ïound that the polygalacturonic acid meth- 
ylglycoside may be sulfated in the non-ester con- 
dit.lori, so as to produce polysulfuric acid esters of 
polygalacturonic acid methylglycoside. The sul- 
furic acid ester of the methylglycoside, so ob- 
tained, is fully ctive and is also characterized by 
low toxicity. The polysulfuric acid ester of poly- 
galacturonic acid methylglycoside may also be ob 
tained by hydrolysis oï the polysulfuric acid ester 
of polygalacturonic acid methylester methyl- 
glycoside. The hydrolysis can be readily effected 
by means, for example, of sod]:um hydroxide. The 
hydrolysis may be complote or partial according 
fo the length of rime and the temperature af 
which the hydrolyzing agent is allowed to act. 
It will be apparent, therefore, that products may 
be produced which carry free carboxyl groups as 
well as carbomethoxy groups. 
If is preferable fo accomplish a high degree of 
sulfation so that the hydroxyl groups are sub- 
stantially all converted fo corresponding sulfuric 
acid ester attachments. 
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.While .in general the sodurn _salts-..o£ the.:sul« 
furie acid es.tors of 'the polygalacturonic :acld 
methylglycoside methylester and of the :laU!y- 
galactv.ronic acid methylglycQside are suitable for 
5 parenteral use, other salts may also be pre_pared, 
such as those of prirnary amines, e. g., ethyl- 
amine; æecondary amines, e. g., diethylamine or 
diethanolamine; tertiary amines, e. g., pyridine or 
triethylamine or 2-dirnethylaminomethyl-diben- 
10 zofuran; aliphatic diarnines, e. g., deeamethyl- 
enediamine; and aromatic diamines, can be pre- 
pared. Some of these-are soluble in water, others 
are soluble in saline solution, and still others .are 
Lusoluble and can be used for purposes o 
15 psring suspensions for injection. Furthermore, 
as well as the soditun salt, those of the alkali 
.metals, such as potassium and lithium; of am- 
monia; and of the alkaline earth-metals, such as 
calcium or magnesium, may be employed. If will 
20 be apparent, therefore, that these salts embrace, 
in general, derivatives of salt-forming cations. 
The following examples illustrate out invention, 
and disclose lnethods for preparing out novel 
compounds. The first example illustrates the 
25 preparation of polysulfuric acid ester of poly- 
galacturonic acid methylglycoside methylester. 
The second and third examples disclose methods 
of preparing polysulfuric acid ester of polygalac- 
turonic acid methylglycoside. The fourth exam- 
30 ple diicloses the preparation of polysulfuric acid 
ester of polygalacturonic mixed acid-methylester 
methylglycoside. If will be apparent from these 
examples and the disclosure herein, that varia- 
tions may be marie in the salts produced, the de- 
35 gree of esterification, molecular weight, £he cn- 
ditions of reaction, and the like. 
Examp.le 1 
A mixture of cl]lorosulfonic acid and pyridine 
40 is prepared af 0 ° fo ÷5 ° C. by he careful addition 
of 230 cc. of chlorosulfonic acid fo 1400 cc. of dry 
pyrldine. The mixture is thon heated fo 70-75 ° 
C., and .under constant stirring 40 grams of poly- 
ga!acturonic acid methylglycoside methylester 
45 are added rapidly. The reaction mixture is 
stirred Et 70-75 ° for 3 hours, and thon poured 
into 6 liters of methanol with stirring. A crude 
pyridine salt separates and is twice washed with 
methanol by suslzension and decantation and 
50 nally collected by means of centrifuging. The 
salt is dried in vacuo over anhydrous .calcium 
chloride fo yield about 97 grams of crude white 
hygroscopic pyridine salt. The salt is purifletl 
by dissol-¢ing in 380 ce. oî water st 25 °, and con- 
'55 trifuging off a small amount oî insoluble gum. 
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The pure pyridine sali is Isolated b the addition 
of the aqueous solution te 5 liters of ethanol. 
The purifled pyridine sali rnay be converted te 
the sodium sali by dissolving in water and 
justing the pli of the solution te 9.5 te 10.0 per 
cent sodium hydroxide and rapid addition te 
volumes of rnethanol with stirring foi" precipit- 
tion. The precipitate is collected by centrifuga- 
tion, and the sali is washed several rimes in the 
centrifuge cups with rnethanol and finally with 
acetone. If is then dried in vacuo over anhy- 
drous calciurn chloride. The product is the sul- 
furic acid ester of polygalacturonic acid rnethyl- 
glycoside methylester in the forrn of a sodium sali 
having about 15.4 per cent s.ulfur and 11.3 per 
cent of sodium when analyzed on a dry basis. 
The pyridine sali may also be used for the prep- 
aration of other salis of the sulfated polygalac- 
turonlc acid rnethylglycoside methylester, as, e. 
potassium or lithiurn sali, by simply using the 
appropriate base and following the 9rocedure set 
forth in this example for the preparation of the 
sodium sait. 
The sodium sali is particularly useful for the 
preparation of sa!fs of sulfated polygalacturonic 
acid rnethylglycoside rnethylester that are slightly 
soluble in water or very insoluble in water; e. g., 
the decamethylenediarnine salt is prepared by the 
addition of a solution of decarnethylenediamine 
acetate in aqueous rnethanol te an aqueous 
rnethanolic solution of the sodium salt of sulfated 
polygalacturonic scid rnethylglycoside methyl- 
ester, te yield the decarnethylenediamine sali of 
sulfated polygalacturonic acid methylglycoside 
rnethylester, which is very slightly soluble in 
ter but cornpletely soluble in physiological saline 
solution ;. or the 2dimethylarninornethyl-dibenzoo 
furan sali rnay be prepared by rnixing an aque- 
eus solution of the sodiurn salt of sulfated po!y- 
galacturonic acid rnethylglycoside rnethylester 
and an aqueous solution of 2-dimcthylamino- 
rnethyl-dibenzofuran hydrochloride. The salt 
separates instantly as a white precipitate that is 
net soluble in wateï or a 1 per cent saline solution. 
Exampe 2 
Te a solution containing 22.5 grains of poly- 
galacturonic acid rnethylg!ycoside n]ethy]ester 
in 400 cc. of water are added 55 cc. of 6 N sodium 
hydroxide and the reaction mixture is left te 
stand for !/ houïs at room temperature with 
occasional stirring. The pli of the mixture is 
thon adjusted te 1.0 with excess  N hydrochloric 
acid, dfluted 1 te 4 with water. Af ter standing 
ai room temperature for one heur, the solution 
poured into one volume of ethyl a!cohol and the 
mi]ky precipitate collected by centrifugation. 
For purification, the resultant preeipitate 
redissolved in 2400 cc. of water and filtered 
through a diatomaceous earth filter matie, 
e. g., Celite, and added te one volume of 
ethyl alcohol (ruade slihtly acidic with a drop 
of concentrated hydrochloric acid) with stirring. 
The white precipitate is collected by centrifuging 
and dried in vacuo. The product is polygalac- 
turonic acld rnethylglycoside obtained as a fine 
white dry powder. For the further treatment of 
this material, a solution of 105 cc. of chlorosul- 
fonic acid and 525 cc. of dry pyridine is prepared 
ai 0 ° C. and warmed te 75% Thon 13.5 grarns of 
the polygalacturonic acid rnethylglycoside is add- 
ed te the well stirred solution. The reaction solu- 
tion is rnaintained ai q0-75 ° for 3 hours and thon 
added te 2.5 liters of methanol while still wann. 
The pyridine sali of sulfated polygalacturonic 
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acid methylglycoside that separates is collected by 
centrifuging and washed tvice with rnethanol and 
once witl acetone in the centriïuge cups and 
finally dried in vacuo. There is thus obtained a 
fi crude pyridine salt of the sulfated polygalactu- 
ronic acid rnethylg!ycoside, which is thon purified 
following the procedure shown in Exarnple 1. The 
purified pyridine salt can be converted te the 
sodiurn salt by treatrnent with sodium hydroxide, 
10 as shown in Exarnple 1. The sodium salt of the 
su]fated polygalacturonic acid rnethylglycoside is 
a tan powder having !5. per cent sodium and 14.1 
per cent sulfur. Other salts of the sulfated poly 
galacturonic acid rnethylglycoside rnay be pre- 
li pared in a rnanner similar te that disc!osed in 
Example 1. 
Example 3 
10 grains of the sodium sa.lt of sulfated poly- 
galacturonic acid rnethylester methylglycoside are 
0 dissolved in 250 cc. of water and 25 cc. of 5 N so- 
dium hydroxide are added. The solution is then 
set aside at room temperature for 3 hours, after 
which it is dded to 5 volumes of rnethanol. The 
sali that separates is collected via centrifuga.- 
5 tion and washed twice with rnethanol and finally 
dried in vacuo over anhydrous calciurn chloride 
fo yield 10 grains of hydrolyzed product. The 
hydrolyzed salt contains 14 per cent sulfur and 
15.5 per cent sodium. The product corresponds 
30 to tha+ç,_bmnd+ "  in Example 2. 
Examplc  
10 grains of the sodiura salt of stfifated po]y- 
galacturonic acid rnethylglycoside methylester 
35 are dissolved in 250 cc. of 0.5 normal sodium hy 
droxide, and the solution is then set aside at room 
temperature (25 ° C.) for 30 minutes after which 
if is added to rive volumes oï rnethanol with stir- 
ring. The sait that separates is collected by cen- 
40 trifuging and washed twice with methanol and 
once with acetone and finally dried over anhy- 
drous CaCh te yield ca. I0 g. of hydrolyzed prod- 
uct. The sali obtained had 12.5 per cent sodium 
and 14.1 per cent sulfur and is a rnixed sulfate 
45 of polygalacturonic acid rnethylglycoside and 
polygalacturonic acid rnethylglycoside rnethyl- 
osier. By alternation of the p_,, rime, and tem- 
perature of .contact with the alkali, various mix- 
tures of sulfated polygalacturonic acid methy!- 
50 glycoside and polygalacturonic acid methylglyco 
side methylester are obtained. 
We claire: 
I. As a substantial!y non-toxic blood antico- 
agulant, a compound selected frorn the group con- 
55 sisting of substantially fully sulfated polygalac- 
turonic acid rnethylglycoside, substantially fu!ly 
sulfated polygalacturonic acid rnethylester rneth- 
ylglycoside, salts of substantially fully sulfaed 
olyga!acturonic acid rnethy!glycoside, and salk 
60 f substantially fully sulfated polygalacturonic 
acid rnethylester methylglycoside. 
2. As a substantially non-toxic blood antico- 
agulant, substantially fully sulfated polygalac- 
turonic acid rnethylglycoside. 
65 3. As a substantially non-toxic blood antico- 
agulant, substantially fully sulfated polygalac- 
turonic acid rnetlwIester rnethylglycoside. 
4. A substantially non-toxic b!ood anticoagu- 
Iant composition comprising a sali of substan- 
70 tia.lly fully sulfated polygaiacturonic acid methyN 
glycoside. 
5. A substantially non-toxic blood anticoagu- 
lant composition comprising a sali of substan- 
tially fully sulfated polygalacturonic acid rnethyl- 
75 osier methylglycoside. 



6. A substantiaHy non-toxic blood anticoagu- 
lant composition comprising a sodium salt of sub- 
stantiaHy ïully sulfated po]ygalacturonic acid 
OEethFlglycoside. 
7. A substantially non-toxic b]ood anticoagu- 
lant comprising an alkali metal salt of substan- 
tial]y fullF sulfated polFgalacturonic acid methF1- 
ester methFlglFcoside. 
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